In this study, we used HPM to determine the approximate analytical solution of nonlinear differential difference equations of fractional time derivative. By using initial conditions, the explicit solutions of the coupled nonlinear differential difference equations have been derived which demonstrate the effectiveness, potentiality and validity of the method in reality. The present method is very effective and powerful to determine the solution of system of non-linear DDE. The numerical calculations are carried out when the initial condition in the form of hyperbolic functions and the results are shown through the graphs. 
Introduction
Fractional order ordinary differential equations, as generalizations of classical integer order ordinary differential equations, are increasingly used to model problems in the area of physical science, life science and the engineering science etc. Among them, the homotopy perturbation method [1] , provides an effective procedure for explicit and numerical solutions of a wide and general class of differential systems of equations representing real physical problems. The solution of differential equations of fractional order is much involved. Though many exact solutions for linear fractional differential equation had been found, in general, there exists no method that yields an exact solution for nonlinear fractional differential equations. Most of the literature and various properties of fractional calculus are available in many books as [2, 3] . The Homotopy perturbation method is the advance approach for finding the approximate analytical solution of linear and nonlinear problems. The method was first proposed by He [4] [5] [6] [7] [8] , fractional diffusion equation with absorbent term and external force, fractional predator-prey Model and also fractional Schrödinger equation by Das et al. [9, 10] , integro differential equation by El-Shahed [11] , linear PDEs of fractional order by He [12] and Monami and Odibat [13] . Yildrim [14] examined the exact solution of nonlinear differential difference equations. Wang [15] studied the discrete tanh method for nonlinear difference-differential equations. Abdou [16] determined the new applications of He's homotopy perturbation method for nonlinear differential difference equations. In 2010, Yildrim and Mohyud-Din [17] [18] [19] have studied the space and time fractional Berger equations, Cauchy reaction diffusion problem and Whitham-Bore-Kaup equation by HPM. Singh et al. [20] used the HPM to determine solutions of space-time fractional solidification in a finite slab in 2010. Recently, Gupta and Singh [21] 
Basic Definitions
In this section there are some basic definitions and properties of the fractional calculus theory In this Section, we have given some definitions and properties of the fractional calculus [1] which are used further in this paper.
Definition 1.
A real function ( ), > 0, is said to be in the space C µ , µ ∈ if there exists a real number > µ, such that ( ) = 1 ( ), where 1 ( ) ∈ C (0 ∞), and it is said to be in the space C µ if and only if ( ) ∈ C µ , ∈ N.
Definition 2.
The Riemann-Liouville fractional integral operator (J
where Γ(α) is the well-known gamma function. Some of the properties of the operator J α , which we will need here, are as follows: For ∈ C µ , µ ≥ −1, α β ≥ 0 and γ ≥ −1
Definition 3.
The fractional derivative (D α ) of ( ), in the Caputo sense is defined as
The following are two basic properties of the Caputo fractional derivative [1] and [3] 1.
Applications and Numerical Results
In this section, we present three examples to illustrate the efficiency and reliability of HPM.
Example 1
We consider the Discrete Hybrid equations with timefractional derivatives. This equation can be written in following form as [15, 16] 
with initial condition
where α, β, 0 , and are constants. Whose exact solution at µ = 1 is
To apply the HPM to solve the fractional discrete hybrid Eq. (3) with Eq. (4), we construct homotopy
Let us assume the solution of equation (3) as
Substituting Eq. (7) into (6) and equating the coefficient of like power of 
and so on. The method is based on applying the operator J (the inverse operator of Caputo derivative D ) as Eqs.
(1)- (2) on both sides of the Eqs. (8)- (11) then we obtain
where
Proceeding in this manner, the rest of the components ( ), where ∈ N can be obtained and the series solutions are thus entirely determined.
The numerical solution of Eq. of (1) with initial condition (2) is obtained by (15) and illustrated through the Figures 1-2.
Example 2
In this example, we consider the time-fractional Toda lattice nonlinear DDE Eqs. (16)- (17) in the following the form is given by [14, 16] 
with initial conditions
whose exact solutions at µ = 1 and λ = 1 are
where , and δ are constants. According to the HPM [20, 21] , we construct the following homotopy
In next step, we choose two approximate solutions of Eqs. (16)- (17) ( ) = 0 ( )
when → 1, the Eqs. (22) and (23) correspond Eqs. (18)- (19) and Eqs. (24)- (25) become the approximate solution of Eqs. (18)- (19) . Substituting (24) and (25) in Eqs. (22) and (23) respectively and comparing the like powers of , we obtain the following set of linear differential equations 0 :
and so on. 
where Proceeding in this manner, the rest of the components ( ) and ν ( ), where ∈ N can be obtained.
The numerical solutions of Eq. of (16) - (17) with initial conditions (18) and (19) respectively are obtained by (40) and (41) and illustrated through the Figures 3-6 .
Example 3
In this example, we consider the time-fractional Toda lattice nonlinear DDE in the following the form is given by [14, 16] 
where , and δ are constants. According to the HPM [20] [21] [22] [23] [24] [25] , we construct the following homotopy
In next step, we choose two approximate solutions of Eqs. 
where 
The numerical solutions of Eq. of (42) and (43) 
Conclusion
In this paper, the HPM was successfully applied to study the differential difference equation as hybrid equation, Toda lattice equation, and relativistic Toda lattice of timefractional equation. The solution obtained by means of HPM is an infinite power series with respect to appropriate initial conditions. The results show that HPM is a powerful and efficient technique in finding exact and approximate solutions for partial differential equations of fractional order. Numerical results are closed to exact solutions. In this work, we used the Mathematica-6, to calculate the series obtained by HPM.
